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1   Introduction
In this document we look at the possible impact of coverage modifications from AAS.
2   Discussion 
2.1   Possible impact on features
MRO is used to optimise mobility parameters to reduce call drops while keeping the amount of handovers at a reasonable rate. This optimisation is normally assumed to be done for a static coverage scenario, or at least a scenario with infrequent changes to the coverage. If we introduce the scenario where we change the coverage dynamically for example when adaptive antenna systems (AAS) are used to split/merge cells if needed for capacity reasons, this may have an impact on MRO since this would result in changes to the coverage of the cells. MRO could probably, given enough time, adjust to the new coverage scenario, but during the meantime (while MRO is trying to find the optimal point) the mobility parameters will not be adjusted properly, which may lead to increased mobility failures. 

Observation 1: There is an impact on MRO if the coverage is modified, which may lead to increased mobility failures.
The automatic PCI assignment (aPCI), where OAM provides a range and eNB removes the PCI that creates a conflict may encounter increased PCI reconfigurations if the coverage is modified,  since an eNB that selects a PCI must be aware of PCI used in the neighbourhood. If the coverage of cells is varied and cells are not always switched on it may be difficult for the new cell to detect possible PCI conflicts. 
One solution to this is to rely on information transferred over X2 in served cell and neighbour information IE. For the served cells, it is currently specified that the served cells include the complete list of cells served by the eNB (also inactive cells). For the neighbour cell information, this would mean that all cells of a neighbour eNB should be reported. This is in line with current assumptions. In 36.423 it is for example stated that: 

“The Neighbour Information IE shall only include E-UTRAN cells that are direct neighbours of cells in the reporting eNB. A direct neighbour of one cell of a given eNB may be any cell belonging to an eNB that is a neighbour of that given eNB cell e.g. even if the cell has not been reported by a UE”

Observation 2: There is no impact on automatic PCI assignment.
ANR is used to identify unknown neighbour cells. Therefore ANR is designed to identify unknown neighbour cells that may become detected when the coverage of a cell is modified. It is up to the eNB to maintain the NRT. This includes that the eNB may remove entries belonging to neighbour cells that have not been used for mobility. If the coverage is modified, ANR may be needed when the coverage is changed for a cell and where new cell relationships are detected due to this. If one coverage configuration is not used for a long time, this may lead to that those entries in the NRT that are deleted. Hence, if an eNB is not aware of coverage configuration modifications in neighbour cells, this may lead to increased usage of ANR. On the other hand, as discussed above if a cell that is not active is indicated as dormant to neighbour eNBs, the neighbour can take this into account when deciding which entries in the NRT to remove. Note that OAM can also choose to configure an entry in the NRT with the attribute “No Remove”.
Observation 3: There is no impact on ANR.
MLB is used to balance the load of neighbouring cells by modifying the mobility parameters. The problems related to coverage modifications are already covered in the MRO description above. 
In [1] there is a discussion whether MLB should be enhanced to also inform the neighbours of potentially available load, i.e. load that could be provided if the configuration of the cell is modified. One example of this could be an omni cell with the potential to be transformed to a three sector cell, where the eNB would inform neighbours that he has potential capacity available in the non-active cells. 

Although we believe that this modification would require more discussion before agreeing, we would like to point out that the MLB load information (RESOURCE STATUS UPDATE) may already be able to handle this scenario:

· For the cell splitting/merging scenario it would be possible to include the indication of the available load of a non-active cell. As far as we can see, there is not anything preventing this in the current specification. 
· For the beam forming scenario, it would be possible to include the available load including beam forming in the indication of the available load. The decision to start using beam forming is eNB internal and will most likely be possible to be activated very quickly. 

Observation 4: There is no impact on MLB. 

eICIC is used to protect the control channels in pico cells when cell range expansion is used. Similar to MLB, we believe that there is a relationship with the impact on MRO as described above (for setting the mobility parameters to achieve the CRE) and if that problem is solved there is no need for additional solutions for eICIC. 
But also, if the coverage is modified, the relationship of the cells involved in eICIC may be modified. OAM may configure the association between eNBs to use eICIC and may also ensure ‘common subset’ between the ABS patterns of those interfering cells. Since the working assumption is that OAM should validate all changes, OAM can reconfigure this relationship between cells when needed. 

It may also be possible to include these different parameter values in the pre-planned set of alternative configurations provided by OAM.

Observation 5: There may be an impact on eICIC, but OAM is informed about changes and can take this into account.

MDT provides the possibility to receive measurement from different UEs to the TCE (OAM) to for example evaluate the coverage of a cell. Hence, if the coverage of a cell is modified it would be important that OAM is notified to take into account that MDT measurements belong to different coverage configurations.
Observation 6: There is an impact on MDT, but OAM is informed about changes and can take this into account.
3   Possible solution

For MRO, the problem is that coverage modifications may lead to increased mobility failures after each coverage reconfiguration.

One solution could to let OAM reconfigure all the handover triggers of all involved cells at each reconfiguration. This would require that the eNB informs OAM about the HO trigger that is used before the reconfiguration. The benefit is that no new signalling over X2 is needed and the eNB does not need to store any information. 
Another solution is to send an indicator to neighbour cells. This indicator can either be an implicit indicator or an explicit indicator. The benefit of this solution is that the eNB can store more information of the internal state of the MRO algorithm, e.g. reports (RLF indications and HO reports) that was received but not yet taken into account. 

The explicit indicator could for example be an optional value included the Served Cell Information exchanged over X2. 
One example of an implicit indicator is to re-use the ECGI/PCI and always use different ECGI/PCI for different coverage configurations. The drawback is mainly that every time the coverage configuration is changed, the PCI/ECGI must be changed, which would impact active mode UEs in the reconfigured cell.   

4   Conclusions

In this paper, we see the need for informing neighbour eNB about coverage configuration for MRO. We also see that there may be a need to re-configure the E-SMLC, but we believe that the impact must be further analysed and we also note that this is outside the scope of the SI. 
We propose the text proposal in the annex is agreed for inclusion in the TR.
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Annex – Text proposal

4.2
SON for AAS-based deployments

The objective of SON for AAS task should be to evaluate whether SON mechanism could be beneficial to optimize inter-operability of AAS operations. Also, as part of the task, an evaluation should be performed of whether existing SON features need to be enhanced to handle the dynamic changes due to AAS activities.
The scenarios assumes high traffic demand from high density of UEs. The UEs may be concentrated temporarily or permanently in space; the AAS-based deployment is used to optimise capacity.
Three AAS techniques have been considered:

1)
Beam forming

-
The solution introduces adaptive or reconfigurable antenna systems, where the coverage of each cell is maintained unchanged. 

-
The same PCI is used in all the cell coverage. 

-
These adjustments are considered to be on fast time scale (following RRM). 

-
The control unit may be the base station (implementation based).
-
Problems related to existing SON features or enhancements needed: none (intra-cell activity)

2) Cell Shaping
-
The solution introduces adaptive or reconfigurable antenna systems, where the main coverage of each cell is maintained unchanged but the cell edge can be adapted to load demand. 

-
The same PCI is used in all the cell coverage. 

-
These adjustments are considered to be on medium time scale (every 1h or more seldom). 

-
The trigger for the change may be OAM reconfiguration (e.g. based on collected KPIs) or the control unit may be the base station (implementation based).
-
Problems related to existing SON features or enhancements needed: FFS
3)
Cell splitting

-
The solution adopts higher order sectorisation (vertical, horizontal or a combination) to selected base stations by changing an antenna system to include more antenna beams, each covering a smaller area than before the change – however, the main coverage of the combined beams correspond to the main cell coverage before the split. 

-
Each of the beams broadcasts different PCI. 

-
Cell splitting / merging procedures is considered on a long term time scale (every 1h or more seldom – few times a day).

-
The trigger for the change may be OAM reconfiguration (e.g. based on collected KPIs) or, if the cell coverage is not affected and the split is pre-planned, the control unit is the base station (implementation based). Indication of the cell splitting may be needed at OAM and neighbour eNBs.
-
Problems related to existing SON features or enhancements needed: MRO
<<< next change>>>
 4.2.x
Impact on MRO 

Problem description:
MRO is used to optimise mobility parameters. This optimisation is normally assumed to be done for a static coverage scenario, or at least a scenario with infrequent changes to the coverage. If we introduce the scenario where we change the coverage dynamically for example when we split or merge cells with AAS, this could result in quick and frequent changes to the coverage of the cells. MRO could probably, given enough time, adjust to the new coverage scenario, but during the meantime (while MRO is trying to find the optimal point) the mobility parameters will not be adjusted properly, which may lead to increased mobility failures. 
Solutions:

One solution could to let OAM reconfigure all the mobility parameters of all involved cells at each reconfiguration. This would require that the eNB informs OAM about the MRO state (e.g. the current HO trigger) before the reconfiguration. The benefit is that no new signalling over X2 is needed and the eNB does not need to store any additional information. 
Another solution is to send an indicator to neighbour cells. This indicator can either be an implicit indicator or an explicit indicator. The benefit of this solution is that the eNB can store more information of the internal state of the MRO algorithm, e.g. reports (RLF indications and HO reports) that was received but not yet taken into account. 

The explicit indicator could for example be an optional IE included the Served Cell Information IE exchanged over X2. 
One example of an implicit indicator is to re-use the ECGI/PCI and always use different ECGI/PCI for different coverage configurations. The drawback of this is that every time the coverage configuration is changed, the PCI/ECGI must be changed, which would impact active mode UEs in the reconfigured cell.   
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